INTRODUCTION
www.e-arm.org (LEoP) or postpolio syndrome [1] . Among these symptoms, fatigue is often reported as the most disabling [2] [3] [4] [5] [6] and chronic challenge [7] . Fatigue has been defined as "an overwhelming sense of tiredness, lack of energy and feeling of exhaustion" [8] . As fatigue is negatively associated with mobility [4] , quality of life [9, 10] and life satisfaction [5] , it is important to evaluate fatigue and to plan appropriate interventions that reduce its impact.
As fatigue is mainly a subjective experience, self-report rating scales are used to assess fatigue. The three most commonly used scales to assess fatigue in persons with LEoP include the Fatigue Severity Scale (FSS) [11] , the Fatigue Impact Scale (FIS) [12] , and the Multidimensional Fatigue Inventory (MFI-20) [13] . To facilitate accurate assessments, the self-report rating scales need to be psychometrically sound. The validity and reliability of FSS, FIS, and MFI-20 have been studied in persons with LEoP [14] [15] [16] [17] [18] [19] , but comprehensive analyses of other psychometric properties of the scales are unavailable. Factors such as the number of missing items, the score distribution, any skewness, and floor and ceiling effects are important to evaluate. Moreover, these scales are considered for the assessment of similar underlying construct, i.e., fatigue. However, no study has explored their convergent validity in terms of the relationship between the scales. To enhance our understanding and support the choice of scales in clinical research, further evaluations of their psychometric properties are required.
The aim of this study was to evaluate the psychometric properties of the FSS, FIS, and MFI-20 in persons with LEoP. More specifically, we explored the data completeness, scaling assumptions, targeting, reliability, and convergent validity. Our hypothesis was that all scales are psychometrically sound and have high convergent validity.
MATERIALS AND METHODS
The study was approved by the Regional Ethical Review Board of Lund University, Sweden (No. Dnr 2013-380). All participants provided written informed consent.
Participants
Potential participants were recruited from a clinical database at a postpolio clinic in a university hospital in southern Sweden. The inclusion criteria were as follows: a confirmed history of acute poliomyelitis, a period of recovery and functional stability of at least 15 years, clinically verified LEoP with new symptoms that persisted for at least 1 year, and age between 50 and 80 years. The exclusion criteria were as follows: other major diseases that lead to severe fatigue, known cognitive dysfunction, and difficulties in reading and writing Swedish. One of the authors (JL, physician with knowledge of the subjects' medical history) screened the database for potential participants together with the team physiotherapist. In total, 232 persons met the criteria and every third person among them (i.e., n=77) was invited to participate in the study. Based on our previous studies in people diagnosed with LEoP, we anticipated a response rate of over 70%. Thereby, we were able to recruit at least 50 participants with total scores on all the three scales needed for the analyses of the psychometric properties [20] and 30 participants needed for the test-retest reliability analysis [21] .
Procedure
Data were collected through a postal survey. The 77 potential participants were mailed the following details: study information, an informed consent form, sociodemographic and disease-related questions, the three fatigue-rating scales (FSS, FIS, and MFI-20) and a prestamped envelope to return the questionnaires and fatigue rating scales; and is hereafter referred to as t1. After 3 weeks, all the responders at t1 received a second survey containing only the fatigue rating scales; this is hereafter referred to as t2. A reminder was sent after 2 weeks to non-responders at both t1 and t2.
Socio-demographic and disease-related questions
Socio-demographic questions targeted marital status, vocational situation, diseases other than LEoP, current medication, use of nighttime respiratory ventilator, use of orthotics and mobility devices indoors and/or outdoors, and walking ability. The Self-reported Impairments in Persons with late effects of Polio (SIPP) rating scale was used to assess the extent to which the participants were bothered by various LEoP-related impairments [22] .
The three fatigue rating scales
The Fatigue Severity Scale FSS consists of 9 statements (items), e.g., "I am easily fatigued" and "Fatigue interferes with my work, family, www.e-arm.org or social life". Items are scored on a Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree). The total score represents the mean of the nine statements and ranges from 1 to 7, where a greater score indicates more fatigue [11] . The Swedish translated FSS was used in this study [23] .
The Fatigue Impact Scale FIS consists of 40 statements (items), ten each in the subscales that cover cognitive and physical dimensions, respectively, and 20 in the subscale that covers a social dimension. Items include, e.g., "Because of my fatigue, I feel less alert" (cognitive dimension), "Because of my fatigue, I have to limit my physical activities" (physical dimension), and "Because of my fatigue, minor difficulties seem like major difficulties" (social dimension). Possible response options range from 0 (no problem) to 4 (extreme problem). Items are summed into a total score ranging from 0 to 160, where a greater score indicates more fatigue. The cumulative score of the Swedish translated FIS was used in this study [24] .
The Multidimensional Fatigue Inventory MFI-20 consists of 20 statements (items), four in each of the 5 subscales that cover general, physical, and mental fatigue, reduced activity, and reduced motivation, respectively. Possible response options range from 1 (yes, that is true) to 5 (no, that is not true). The scale includes an equal number of items that are indicative of fatigue (e.g., "I tire easily" and "I don't feel like doing anything") and contra-indicative (e.g., "I feel very active" and "I can concentrate well"), respectively [13, 25] . Items that are indicative of fatigue (i.e., items #2, 5, 9, 10, 13, 14, [16] [17] [18] [19] are recoded so that the response option "no, that is not true" equals 1, and "yes that is true" equals 5. Items for each subscale are summed into subscale scores ranging from 4 to 20, where a greater score indicates more fatigue. A recent Rasch analysis of the scale has shown that MFI-20 can be considered unidimensional, suggesting that raw scores can be transformed into interval scores, and the total (transformed) cumulative score can be used as a global measure of fatigue [19] . The total score ranges from 20 to 100, where a greater score indicates more fatigue. The Swedish translated MFI-20 was used in this study [26] .
Analyses
Data completeness, scaling assumptions, targeting, internal consistency, reliability, and convergent validity were analyzed using data from t1. Data from both t1 and t2 were used for the analyses of test-retest reliability. Transformation of the total scale scores for MFI-20 into intervals was used in the analyses of total mean score, min-max, skewness, and test-retest reliability, whereas raw scores were used in the analyses that involved item scores. All analyses were performed using the SPSS Statistics version 23 (IBM, Armonk, NY, USA). The level of statistical significance was set to p<0.05.
Data completeness
Data completeness was calculated as the percentage of missing item responses and the percentage of participants who obtained total scores [27, 28] . Imputations were not used, i.e., a total score requiring response to every item.
Scaling assumptions
Requirements for the legitimacy of cumulative total score were explored. Item means and standard deviations (SD) were roughly parallel within a scale. Further, items contribute adequately to the total score and measure the same underlying construct. All these assumptions were fulfilled if corrected item-total correlations exceed 0.4 [27, 28] .
Targeting
Targeting refers to the ability of a scale's score distribution to reflect the true value, e.g., fatigue in a sample of patients [27] . Targeting was explored by studying the scales' score distribution, skewness, floor and ceiling effects. The total score spanned the full possible scoring range, mean scores were close to the midpoints, skewness was less than ±1 [27, 29] , and the floor and ceiling effects were less than 20% [27] .
Reliability
Reliability was explored by studying the scales' internal consistency (assessed with Cronbach's ) [30] and testretest reliability (assessed with one-way random, single measurement intraclass correlation coefficient [ICC]) [31] . Cronbach's  and ICC values above 0.70 are considered acceptable for group comparisons, while ICC www.e-arm.org values above 0.90-0.95 are suggested as a minimum for a rating scale of individual comparisons [32] . Standard error of measurement (SEM) was calculated using the formula SD baseline × y reliabilit -1 [33] and smallest detectable difference (SDD) was calculated using the formula SEM×1.96× 2 [34] . SEM and SDD values were also expressed as a percentage of the possible scoring range in order to equalize differences based on the different scoring ranges in the scales, to ensure fair comparison. The scores were calculated as SEM or SDD / number of possible scoring options×100. The mean differences (đ) in scale scores between t1 and t2 and the 95% confidence interval (CI) around đ were calculated to explore any systematic differences between the two test occasions; CI including 0 implies the absence of systematic differences [21] .
Convergent validity
The convergent validity was assessed by determining the Spearman's correlation coefficient (r s ) between the three fatigue rating scales. The following limits were used for interpretation of the correlation coefficients: 0.0-0.3, negligible correlation; 0.3-0.5, low; 0.5-0.7, moderate; 0.7-0.9, high; and 0.9-1.0, very high correlation [35] .
RESULTS
Of the 77 potential participants who received the first postal survey (t1), 14 did not respond and 2 explicitly declined to participate. Thus, a total of 61 persons (54% women; age, 68±5 years; range, 55-75 years) responded at t1 (response rate 79%). Their age at the acute poliomyelitis infection was 5±3 years (min-max, 1-14 years), and the number of years before the onset of LEoP was 44±8 years (min-max, 30-60 years).
A majority used lower limb orthotics (61%) and outdoor mobility devices (52%), and 75% walk more than 100 m. Their SIPP score was 26±7 (min-max, 15-46), which indicates that they were moderately bothered by various LEoP-related impairments. The majority of the participants (n=46; 75%) reported comorbidities, e.g., cardiovascular disorders (n=31), diabetes (n=9), gastrointestinal disorders (n=7) and sleep apnea (n=7, including 5 using a night-time ventilator). Most participants (n=49; 80%) were treated with medication, mostly for hypertension (n=31), musculoskeletal pain (n=20), sleep disturbances (n=12), depression (n=4) and thyroid disease (n=4).
Of the 61 subjects that responded to the survey at t1, 56 responded to the second survey (t2) and thereby constitute the sample for the test-retest reliability analysis.
Data completeness
Data completeness for FSS was 100%, suggesting no missing item responses and all the 61 participants reported a FSS total score. The rate of missing item responses for FIS was 0.5%. A FIS total score was reported in 51 participants. The MFI-20 showed a 0.4% missing item response rate, while 58 participants obtained a total score. Data completeness of the three fatigue rating scales is presented in Tables 1-3 .
Scaling assumptions
All three fatigue rating scales showed corrected itemtotal correlations exceeding 0.40; item means and SDs for www.e-arm.org Table 2 . Scoring distribution and data completeness of the Fatigue Impact Scale (n=61) Tables 1-3 . The mean scores and SDs for FSS were roughly parallel for all items; the mean scores ranged from 3.7 to 5.1 and SDs ranged from 1.7 to 2.3.
Item
The SDs for FIS remained roughly parallel for all items, whereas the mean scores varied more across items. SDs ranged from 1.0 to 1.3 and mean scores ranged from 0.8 to 2.3. Twelve items (no. 6, 9, 12, 18, 21, 26, 28, 30, 32-34, and 39) included more respondents who selected the lower response options indicating less fatigue, resulting in a mean score that was >20% lower than the average item mean score (i.e., 1.4). Ten items (#1, 3, 13, 14, 17, 23, 24, 31, 37, and 38) included more respondents who selected the higher response options indicating more www.e-arm.org fatigue, resulting in a mean score that was >20% higher than the average item mean score. The SDs for MFI-20 remained roughly parallel for all items, whereas the mean scores varied more across items. SDs ranged from 1.1 to 1.4 and mean scores ranged from 2.1 to 3.9. Four items (#4, 7, 9, and 18) elicited lower response options (indicating less fatigue) by a higher number of respondents. This resulted in a mean score that was >20% lower than the average item mean score (i.e., 3.0). Three items (#8, 16, and 20) had more respondents who preferred the higher response options indicating more fatigue, resulting in a mean score that was >20% higher than the average item mean score.
Targeting
FSS and FIS total scale scores ranged across almost their full possible scoring ranges. The MFI-20 total scores ranged from 27.3 to 93.0 (possible scoring range, 20-100), which suggests that only 82% of the possible scoring range was used. Mean scores for the three fatigue rating scales were fairly close to the scale midpoints (within 1 SD). Floor and ceiling effects were substantially below 20% and skewness was less than ±1 for all three scales (Table 4) .
Reliability
Cronbach's  was 0.96 for FSS, 0.99 for FIS, and 0.95 for MFI-20. The results of the test-retest reliability analyses of the three fatigue rating scales are presented in Table 5 . All three scales obtained ICC values ≥0.80 and one scale (FIS) yielded an ICC value of 0.90. SEM% ranged from 7% to 10% and SDD% ranged from 20% to 28%, and was the highest (i.e., worst) for FSS. The 95% CI around đ included 0 in all the three fatigue scales.
Convergent validity
There were significant correlations (r s ) between all three fatigue rating scales. The correlation between FSS and FIS was 0.80. The correlations with FSS and FIS total scores for the MFI-20 raw score were 0.79 and 0.80 Total scores are based on participants with complete data at both t1 and t2. All MFI-20 data are based on transformed interval total scores according to Dencker et al. [19] . Based on ICC, using the formula SEM=SD baseline × ICC 1 .
c)
Based on SEM 2 , using the formula SDD=SEM×1.96× 2 . 
DISCUSSION
Understanding various aspects of the psychometric properties of self-rating scales is a basic, albeit important, starting point when selecting a scale in clinical research. Over the past decade, various strategies were used to evaluate the psychometric properties of self-rating scales. This study is, to the best of our knowledge, the first that includes a comprehensive psychometric evaluation and head-to-head comparison of three fatigue rating scales (FSS, FIS, and MFI-20) in individuals with LEoP.
In summary, our results show that all rating scales displayed acceptable psychometric properties in terms of data completeness, scaling assumptions, targeting and reliability, and high convergent validity. Previous studies have explored various validity and/or reliability aspects of FSS [14] [15] [16] [17] [18] , FIS [14, 15] and MFI-20 [19] in subjects with LEoP by using traditional psychometrics or Rasch analysis. However, the lack of studies evaluating other psychometric aspects limits an adequate comparison of our results with previous studies.
Data completeness was excellent for the three scales, without any missing item responses in FSS and only 0.4%-0.5% missing item responses in MFI-20 and FIS. However, due to the large number of items in FIS (n=40) and the decision not to use imputation for missing responses, 10 subjects (16%) did not report FIS total scores due to one or more missing item response. The developer of FIS states that imputation can be used in cases with less than 10% missing responses [36] . However, the use of imputation is based on assumptions of a participant's response to items, which might be another challenge than the items responded to (which are commonly used as a basis in the imputation) [27] , rendering imputation unreliable. Thus, scales with fewer items may be favorable compared with more extensive scales, as this may affect the number of dropouts. In addition, the time needed to respond is another factor determining the selection of a fatigue rating scale.
The items of FSS were roughly parallel in terms of mean scores and SDs, whereas FIS and MFI-20 contained a few items that were rated lower or higher (i.e., indicating less or more fatigue) than the other items. In fact, 12 out of the 40 FIS items were rated as easier and another 10 items were rated as more difficult than the other items. In MFI-20, 4 of the 20 items were rated as easier and another three items were rated as more difficult than the other items. Items within a rating scale are supposed to be "roughly parallel" with the legitimacy of total scores [27, 28] . However, no guideline is available describing the limits of parallel items. Item SDs were roughly parallel with items in all three scales and corrected item-total correlations fulfilled the criterion >0.4, which support the use of total scores. Moreover, a previous Rasch analysis of MFI-20 has confirmed its uni-dimensionality and the use of total score [19] . Conversely, a previous Rasch analysis of FSS concluded that a simplified version of the scale (without the first item and with 3 response categories instead of the original 7) is more psychometrically sound than the original scale [18] . Taken together, further studies of these commonly used fatigue scales are required in order to fully establish their construct validity.
All three rating scales appear to be well targeted with very little floor and ceiling effects indicating that the scales can be used to detect changes in fatigue levels in individuals with LEoP. The transformed (Rasch analyzed) score in MFI-20 did not range the full span of possible scale scores (scoring range, 20-100; actual scoring range, 27.3-93.0), which implies that 18% of the scoring range was not used by any participant. However, the corresponding raw scores ranged from 21 to 99 [19] , indicating our sample coverage of almost the full possible scoring range.
Reliability coefficients were acceptable for the three scales with Cronbach's  well above the recommended limit of 0.7 [32] consistent with previous studies of Cronbach's  for FSS and FIS [14, [16] [17] [18] . It is also in agreement with a previous Rasch analysis of MFI-20, which reported the scale's person separation index, considered to be equivalent to Cronbach's  [19] . FIS yielded the highest Cronbach's  (=0.99), suggesting redundant items as Cronbach's  is strongly affected by the length of a rating scale [37] . However, a previous study reported a Cronbach's  of 0.82 for FIS [14] , which contradicts this observation.
All three rating scales yielded ICC values >0.70, indicating very good test-retest reliability [21] , and can therefore be used to assess fatigue at a group level [32] . Only FIS yielded an ICC of 0.90, which is the lower limit of a rating www.e-arm.org scale for individual comparisons [32] . Previous studies have reported an ICC value of 0.91 for FIS [14] and ICC values for FSS ranging from 0.80 to 0.97 [14, 16, 17] . To the best of our knowledge, no previous study has reported ICC values for MFI-20.
FIS and MFI-20 yielded identical SEM% and SDD%, which implies that a change in scale score in either FIS or MFI-20 greater than 7% of the possible scoring range indicates a real change (above measurement error) on a group level. Correspondingly, a change in the scale score of more than 20% of the possible scoring range indicates a real change (above measurement error) in an individual. The corresponding values for FSS are 10% at the group level (i.e., SEM%) and 28% in an individual (i.e., SDD%).
No systematic differences were detected between the two test occasions in any of the rating scales-95% CI around đ included 0 for all three rating scales-indicating the absence of learning effects.
The correlations between the three scales were high (r s =0.79-0.80) based on the raw scores, indicating high convergent validity. However, when using the transformed scores for MFI-20 the correlations were lower, most likely as a result of the lower score distribution between the measures. FSS and FIS are aimed at evaluating the impact of fatigue on daily living [11, 12] . MFI-20 is intended to assess fatigue 'as experienced by patients' [13] . These constructs appear similar, and our findings suggest that they can be used interchangeably.
Several psychometric properties were similar among the three fatigue rating scales. The differences between them were mainly related to the number of items in the scales. Clearly, a higher number of items yielded increased number of missing responses and signs of item redundancy. Thus, the number of items in a fatigue rating scale is a central factor in determining the choice of scale in clinical investigations of persons with LEoP.
In clinical practice and in previous studies, the total cumulative scores of the three fatigue rating scales were used, even though they were all ordinal scales. Future studies evaluating the construct validity and the unidimensionality of the FIS, using the Rasch method, are needed to determine if the extra 31 items in the FIS are necessary compared with scales carrying fewer items.
Our results are in many ways similar to studies of other neurological conditions. A recent systematic review summarized the psychometric properties (validity and reliability) and clinical utility (ability to detect change) of several fatigue rating scales [38] . The scales were evaluated among people with multiple sclerosis, spinal cord injury, acquired brain injury and Parkinson disease. Overall, the FSS and FIS showed good to excellent reliability (internal consistency and/or test-retest reliability), and acceptable validity and scaling structure with no floor and ceiling effects. The authors suggested that a fatigue measure effective in one condition is not necessarily appropriate for use with another [38] . Therefore, a comprehensive evaluation of the psychometric properties of rating scales for specific conditions is required.
The head-to-head comparison of three commonly used fatigue rating scales using a comprehensive set of analyses is one of the strengths of the study. Furthermore, the high response rate yielded a 'good sample size' for all the analyses, according to the general recommendations [20, 21] . The study sample included subjects who were in general moderately bothered by LEoP-related impairments, and the results might vary in persons with a more severe disability. Thus, the inferences of the study should be restricted to patients with moderate LEoP.
The results of this head-to-head comparison suggest that the FSS, FIS, and MFI-20 exhibit sound psychometric properties in terms of data completeness, scaling assumptions, targeting, reliability, and high convergent validity. These results support our hypothesis and indicate that these three scales can be used to assess fatigue in persons with LEoP. However, a scale with fewer items, such as FSS, compared with multiple items may be completed quickly. Further, the risk of missing responses is minimized. Given the similarities and differences between these three scales, the choice of fatigue rating scale in clinical research depends on the research question and the study design.
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